A Note on the Swampland Distance Conjecture by Kehagias, A. & Riotto, A.
ar
X
iv
:1
91
1.
09
05
0v
2 
 [h
ep
-th
]  
27
 N
ov
 20
19
A Note on the Swampland Distance Conjecture
A. Kehagiasa and A. Riottob
a Physics Division, National Technical University of Athens,
15780 Zografou Campus, Athens, Greece
b Department of Theoretical Physics and Center for Astroparticle Physics (CAP)
24 quai E. Ansermet, CH-1211 Geneva 4, Switzerland
Abstract
We discuss the Swampland Distance Conjecture in the framework of black hole thermodynamics. In
particular, we consider black holes in de Sitter space and we show that the Swampland Distance
Conjecture is a consequence of the fact that apparent horizons are always inside cosmic event horizons
whenever they exist in the case of fast-roll inflation. In addition, we show that the Bekenstein and the
Hubble entropy bounds for the entropy in a region of spacetime lead similarly to the same conjecture.
1 Overview
A fundamental paradigm in modern cosmology is that there was a period in the early universe where
the vacuum energy dominates giving rise to a phase called inflation [1]. During such an inflationary
phase the scale factor grows exponentially and the spacetime geometry is quasi-de Sitter (dS). A small,
spatial region grows so large as to encompass the portion of the universe we observe today, thus solving
the horizon problem. At the same time during inflation scalar quantum fluctuations are generated,
which are ultimately responsible for the universe we observed today.
All inflationary models constructed so far assume an almost dS background and therefore dS
spacetime should exist in a quantum theory of gravity. However, it has been proved notoriously
difficult to construct dS spaces (stable or even metastable) in a fundamental theory such as string
theory. This difficulty can be attributed to a fundamental property of the theory itself and it has
been extended to the so-called dS Swampland Conjecture [2] (see [3, 4] for reviews). According to its
original formulation, the scalar potential V (φ) of the inflaton field φ driving inflation must satisfy the
condition |∂φV | ≥ cV where c is a constant of order unity. This conjecture was based on previous
works [5, 6, 7, 8, 9] and has drawn a lot of attention (see [10]-[28] for some references). It should be
stressed that although there is no at the moment general proof of the conjecture from the underlying
theory or from more fundamental properties of quantum gravity such as Black Holes (BHs) [29], it
has been tested in various cases in string theory [19]-[28]. Such considerations lead to similar bounds
where the constant c depend on V [12, 29, 30]. At any rate, at the weak coupling and in the known
string theory constructions, c turns out to be O(1) [31].
In the same framework, another conjecture, the Swampland Distance Conjecture (SDC) [10], has
been recently proposed. It is motivated by the search of consistent Effective Field Theories (EFTs)
that do not belong to the Swampland and by the requirement that no new light degrees of freedom
appear at low energy in the EFT. Indeed, the SDC is related to changes in the moduli space of string
vacua such that a change along the geodesics in the field space is accompanied by the appearance of
towers of light states with masses
m(φ) ∼ m0 e−a|∆φ|/MP , a ∼ O(1) > 0, (1)
descending from the UV for trans-Planckian changes |∆φ| [6, 32, 33]. In this short note we provide
evidence for the SDC by employing BHs in de Sitter space. In addition, we derive it by using entropy
bounds for the energy that can be stored in a region of spacetime.
2 The SDC from BHs
In the presence of Ns number of species, the effective cutoff Λc reduces and it turns out to be [34]-[42]
Λc =
MP√
Ns
. (2)
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As the distance ∆φ is increasing, more and more states are becoming light and drop below Λc. In
particular, we have
Ns ≈ Λc
m(φ)
≈ M
2/3
P
m2/3(φ)
. (3)
Therefore, with m0 ∼MP, we obtain
Ns ≈ e2a|∆φ|/3MP . (4)
Consider now a BH in a (quasi) de Sitter environment. The apparent horizon Rs of such a BH should
be inside the cosmic event horizon so that
Rs < H
−1, (5)
or, since
Rs =
MBH
M2
P
, (6)
where MBH is the BH mass,
MBH <
M2
P
H
. (7)
In addition, Rs should be larger than the cutoff length scale Λ
−1
c , i.e.,
Rs > Λ
−1
c , (8)
or in other words, in the presence of many species, MBH should satisfy the bound
MBH >
√
NsMP. (9)
Therefore, taking together Eqs. (4),(7) and (9), we get the bound
ea|∆φ|/3MP <
MP
H
. (10)
The above condition is necessary for the BHs not to spoil the the effective description and of course it
has to be true at any time. In particular, it should hold at the beginning of inflation where H ∼MP
which is the common initial condition for large field models. Therefore, we get that the at the onset
of inflation, the field should not vary more that
|∆φ| . MP, (11)
which is the SDC requirement.
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3 The SDC from entropy bounds
Although the computation of the entropy of the tower of light states for trans-Planckian distances
in a (quasi) dS spacetime is not possible, we may consider the case where the theory at low energies
consists of Ns particle species. We will assume that such a system will not collapse to form a BH by
supposing that the gravitational interactions between the particles can be neglected. The TCC can
then be deduced by using the Bekenstein bound [43] on the entropy S in a region of radius R
S < M2
P
R2. (12)
Consider a spherical region of radius R with Ns particles at temperature T much larger their mass m,
T ≫ m. Since the particles are relativistic, the energy inside the sphere is
E =
4pi3
45
NsR
3T 4, (13)
and their corresponding entropy is
S(R) =
16pi3
135
NsR
3T 3. (14)
The radius R should be larger that the corresponding Schwarzschild radius Rs = E/M
2
P
of a BH with
the same energy E, so that
R . Rm ≡ MP√
NsT 2
(15)
Therefore, the maximum entropy in the sphere is
Smax ≈ NsR3mT 3 < M2PR2m. (16)
This leads to the bound [41]
T .
MP√
Ns
, (17)
so that the maximum temperature is
Tm ≈ MP√
Ns
. (18)
Note that the connection between entropy bounds and maximal temperature is not new [44, 45]. By
using now Eq. (4) we find that the maximum temperature is
Tm =MPe
−a|∆φ|/MP , (19)
so that the condition H < Tm leads again to the Eq. (10) and the subsequence considerations.
The same bound is obtained if one uses instead the Hubble entropy bound [46, 47]
S(R) < R3HM2
P
, (20)
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for the entropy in a region of linear size R. Using (14), we find that the maximum temperature is
Tm ∼
(
HM2
P
Ns
)1/3
. (21)
Then, the condition H < Tm leads again to Eq. (10).
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